Based on first-principles calculations, we studied the geometric configuration, stability and electronic structure of the two-dimensional Janus MoTeB2. The MoTeB2 monolayer is semimetal, and its attractive electronic structure reveals the perfect electron-hole compensation. Moreover, the electron-type and hole-type bands of the MoTeB2 monolayer are easily adjustable by external stain and charge doping, such as the switch of carrier polarity by charge doping, and the metal-semiconductor transition under tensile stain. These properties allow the MoTeB2 monolayer to be a controllable two-dimensional material with extraordinary large magnetoresistance in magnetic field.
I. INTRODUCTION
Compared with giant magnetoresistance and colossal magnetoresistance effect, ordinary magnetoresistance (OMR) is usually a relatively weak effect [1] . The OMR effect of nonmagnetic metal is typically reported as the level of one percentage, quadratic only in low field, and tends to saturate in high field. Recently, an extraordinary large magnetoresistance has been discovered in several semimetal materials, such as PdCoO2, WTe2, Cd3As2, NbSb2, and MoTe2 [2] [3] [4] [5] [6] . Unlike the magnetic mechanism of the giant magnetoresistance and colossal magnetoresistance in magnetic multilayers and manganese-based perovskite oxides, several mechanisms have been proposed to explain large OMR in different nonmagnetic compounds [7] .
Based on a classical two-band model, the electron-hole compensation is the determining factor for the non-saturating magnetoresistance. Due to the perfect equalsize electron and hole Fermi pockets [8] , the quasi-two-dimensional WTe2 layered crystal displays over 4500-fold OMR in a magnetic field of 14.7 Tesla at 4.5 K, and no saturation of OMR even in 60 Tesla [3] . However, unbalanced electron and hole carriers with ultrahigh mobility can also lead to large OMR, such as PdCoO2, Cd3As2, NbSb2, and PtSn4 [2, 4, 5, 9] . A typical example is NbSb2, which has a small amount of highmobility hole carrier and a large amount of low-mobility electron carrier [5] . Although there are multiple possible causes of the extremely large magnetoresistance effect, if a certain material has both a perfect electron-hole compensation and high mobility for two-type carriers, it will undoubtedly have a high and non-saturate magnetoresistance effect. 3 Many two-dimensional materials with a hexagonal boron lattices were predicted to have ultra-high mobility, such as TiB2, FeB2, and MoB4 [10] [11] [12] . Since these materials have a graphene-like planar structure, the Dirac cone with a linear energy dispersion emerges near the Fermi level. Each B atom lacks one electron to constitute s 2 p 2 -hybridization for filling the π bands in the boron honeycomb, while metals can just transfer the appropriate number of electrons to stabilize the hexagonal boron structure.
Recently, two-dimensional Janus structures with hetero-surface were experimentally prepared, including Janus graphene [13] and Janus MoSSe [14, 15] . Based on chemical intuition, we designed a two-dimensional Janus material MoTeB2, which can be considered as the top layer of tellurium atoms of 1T-or 2H-MoTe2 substituting by double boron atoms. And the Janus monolayer MoTeB2 sheet can also be regarded that a hexagonal Mo layer and a triangular Te layer are sequentially covered on a hexagonal boron lattice. Because the combination of Mo-Te layers can provide exactly two electrons for hexagonal boron honeycomb per unit cell, the MoTeB2 monolayer may be stable. By first-principles calculation, we found that it was a stable semimetal material with a 1:1 electron-hole carrier ratio and high mobility, so an extremely large magnetoresistance can be expected in MoTeB2 monolayer.
II. COMPUTATIONAL METHOD
All calculations were carried out using the Vienna ab initio simulation package (VASP) code [16, 17] within the projector augmented-wave (PAW) method [18] . Spinpolarized density functional theory (DFT) with the Perdew−Burke−Ernzerhof 4 exchange-correlation potential [19] was applied. The wave energy cutoff of plane-wave basis sets is 500 eV. A vacuum space of at least 15 Å along the out-of-plane direction was employed so that the interaction between two periodic units can be neglected. The k-point sampling with a mesh of 35 × 35 × 1 k-point generated by the Monkhorst-Pack scheme was used for a primitive cell, and a 7×7×1 mesh was used for the 4×4×1
supercell. The lattice constants and atomic coordinates were fully relaxed until the total energy and force converged to 10 −7 eV and to 10 −3 eV/Å, respectively. The phonon frequencies are calculated with 4×4×1supercell by using density functional perturbation theory [20] as implemented in the PHONOPY code [21] . The ab initio molecular dynamics (AIMD) simulation under a constant-temperature and volume (NVT) ensemble was performed with the temperature controlled at 600 K for a total simulation time of 20 ps with a time step of 1 fs. 
III. RESULTS AND DISCUSSIONS

CONCLUSIONS
In summary, we designed a Janus MoTeB2 monolayer, and systematically examined the geometric structure, stability, electronic properties, strain effect and charge-doped effect by density function theory. The MoTeB2 monolayer has outstanding dynamic and thermal stability, and it is semimetal with CB and VB barely crossing the Fermi level.
The electronic property of MoTeB2 monolayer is sensitive to charge doping, so the carrier polarity can switch between electron-type and hole-type by a little charge doping.
Moreover, the metal-semiconductor transition occurs in the MoTeB2 monolayer under tensile stain, and the electron-hole carrier ratio of also can be modulated by external strains. These results indicate that the MoTeB2 monolayer has peculiar and adjustable electronic properties, which can be potentially used in magnetoresistance nano-device. 
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